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Introduction
Five saline springs, which discharge the saltiest waters yet analyzed in the Sierra Nevada in California, are found in a north-south-trending span, 40 kilometers (km) long, in the northern part of the range, between 38.5° and 38.8° N. latitude. Although the springs issue from Cretaceous granitic rocks ( fig. 1 ) at relatively high elevations (1,200-2,200 meters [m] ), they all are found 3 near the bottoms of glacially carved canyons, only a few meters in elevation above the streams that drain the canyons ( fig. 2 ). White Hall springs and Indian spring are on the South Fork American River; Fo Owa spring and Unabi Marmota spring are on Caples Creek, a tributary of the Silver Fork American River; and Hams salt spring is on the North Fork Mokelumne River. None of the springs is hot: the waters range in temperature from 7.2 to 21 °C.
Because the salt springs are found in topographically low sites, commonly in canyon bottoms near streams or rivers ( fig. 2 ), many saline springs probably have not been recognized because they issue from fractures in bedrock beneath fresh-water streams. For example, the presence of White Hall springs on both sides of the South Fork American River, 40 m apart, indicates that the rising water followed the fractures that provided surface egress, and so it probably also issues from bedrock beneath the river.
Basins carved in granitic bedrock are associated with several of these saline springs, which supports the contention that the basins are not naturally occurring but, instead, have been artificially constructed by Native Americans to utilize the salty springs (Moore and others, 2012) . The only salty spring where basins are not apparent is Indian spring on Highway 50; however, there the terrain has been so modified by roadconstruction activities that the original character of the spring is obscured.
The Native Americans who discovered these salt springs made summer camps near them to gather salt. They excavated numerous meter-sized basins in bedrock adjacent to at least four of the five saltiest springs, and the basins served as evaporation pans to produce salt. A large number (>1,000) of basins similarly excavated by Native Americans have been mapped in the southern Sierra Nevada, in a 360-km-long belt that stretches from 37.5° to 35.5° N. latitude (Moore and others, 2008) . However, none of the southern basins is associated with salt springs or springs of any kind, and most are in locally elevated sites rather than in low parts of canyons, as the northern salt springs are. The southern basins apparently were constructed to store fresh water for camp use (Moore and others, 2012 
History
Archaeological studies indicate that a sizable seasonal community of Native Americans was established in the area of Hams salt spring about 3,000 years ago, in the late Archaic period (Whitaker and Rosenthal, 2011) . In 1891, a man who was living with the Native Americans at the time reported to Henry W. Turner, a U.S. Geological Survey geologist who was conducting fieldwork near Hams salt spring, that Native Americans made salt there by evaporation (Turner, 1892) . Salt was an important trade item among California tribes: a study of trade patterns (Davis, 1961) indicated that salt was the commodity most often exported and imported; the next four most traded items, in order of decreasing importance, were basketry, hides and pelts, marine shell beads, and acorns.
One of the first crossings of the Sierra Nevada by EuroAmericans was in 1844 by John Frémont, who led a brigade of 27 men and 67 horses and mules. Frémont first encountered Carson Pass in winter while traversing the Sierra Nevada near Markleeville, before crossing into the drainage of the American River. Heavy snow slowed their progress, and members of the party were reduced to butchering their horses to avoid starvation. Lacking salt, they resorted to using gunpowder, a mixture of saltpeter (potassium nitrate), sulfur, and charcoal, for seasoning to make their diet more palatable. Their problem of the lack of seasoning was overcome, however, when they successfully traded with Native Americans for "a large cake of very fine-grained salt" (Frémont, 1886) . The salt reportedly came from somewhere west of there (Graham, 2003) , likely from the salt-producing White Hall springs or Indian spring, which the Frémont party would have passed by a few days later.
One of the Native American-excavated basins at White Hall springs on the South Fork American River has been modified by the addition of a mortar collar to increase its capacity ( fig. 3) . The shape of a right hand is imprinted in the mortar, and the inscription "J.A. Read, L. Randall, and Jack C. Read-Witness my hand October 18..." is engraved in the mortar. Although the year is not legible, it was probably written in the late 1800s because the Randall family settled in the area at about that time. The historical Randall Post Office ("Randall" was an early name for the town of White Hall) was managed by Albert B. Randall, its first postmaster, in 1917-37, but the total residence time of "L. Randall" is not known.
In the 1920s and 1930s, a resort hotel was operated at Indian spring, likely to take advantage of the reportedly medicinal qualities of the water (see appendixes 1, 2). Inez Roth, owner of the hotel, had built a spa that featured a masonry trough or "tub" for containment of the water and a plant for bottling the water for medical purposes. The hotel burned down in 1939 and was not rebuilt. All remains of the hotel and the original spring site were obliterated and are now buried by debris related to the construction of Highway 50, one of the principal routes over the Sierra Nevada. However, parts of the water trough are still visible in the river where it has been dragged downstream and damaged by river floods (fig. 4) . The early history of the spring is not known, nor is the presence of archaeological remains at the spring site; however, its original pioneer name "Digger Indian Springs" indicates an early association with Native Americans. 
Previous Work
The geochemistry of the waters of perennial cold springs in the granitic rocks of the Sierra Nevada was investigated in detail by Feth and others (1964) , who noted their characteristically low total dissolved solids (TDS) values (mean TDS, 75 milligrams per liter [mg/L]) and low Cl concentrations (mean Cl content, 1.06 mg/L; n = 56). Feth and others (1964) attributed the few higher Cl concentrations to admixture of mineral water rising up in fault zones.
A large number of stream-water analyses from Yosemite National Park (60 km south of the study area) show varying concentrations of cations, but all samples are low in TDS (Clow and others, 1996) . However, some stream samples do contain anomalously high concentrations of Cl, as high as 3.4 mg/L. These Cl-rich waters, which appear to enter the watersheds of the upper Merced River and Illilouette Creek, probably emanate from undiscovered saline springs, which indicates that such springs may be more common than previously believed. Clow and others (1996) concluded that the saline springs may be fed from connate waters in ancient pregranitic sedimentary rocks or from fluid inclusions in the granitic rocks.
In one rangewide survey of springs in the Sierra Nevada, in which waters from 17 soda springs were analyzed, the most saline water (of the 17 studied) came from Wentworth Springs (15 km west of Lake Tahoe; fig. 1 ), which contained 2,550 mg/L of Cl (Barnes and others, 1981) . In another study of saline waters from 33 wells and 2 springs in the foothills of the southern Sierra Nevada, the highest concentration of Cl found was, at most, 3,500 mg/L (Mack and Ferrell, 1978; Mack and Schmidt, 1981) . In yet another study, the waters of 14 hot springs in the Sierra Nevada were found to contain less than 400 mg/L of Cl (Mariner and others, 1977) ; the only exception is water from one saline spring on Paoha Island in Mono Lake that contains admixed saline lake water. Clearly, the waters of the five northern springs described herein, which contain 5,980 to 39,200 mg/L of Cl ( fig. 5 ; table 1), are markedly more saline than any others previously reported in the Sierra Nevada.
Methods
All water samples were collected as close as possible to the spring orifice, where water emerges from the rock. Every effort was made to collect where the spring waters have had the least opportunity to evaporate or mix with surface waters. At White Hall springs, Hams salt spring, and Unabi Marmota spring ( fig. 1 ), water issues from fractures in granitic rock, and so it was collected from a nearby stream or pool on granitic rock. At "Fo Owa West" spring, water issues from a fracture in granitic rock, but it was collected in a pool in clayey alluvium. At "Fo Owa East" spring, water issues (and was collected) from a round orifice at the top of a travertine terrace built atop granitic rock. At Indian spring, the actual spring orifice is covered with road-construction debris ( fig. 4) , and so water was collected from a pool in talus deposits near river level. The most saline of these pools was identified by use of a conductivity meter.
At most of these springs, waters were filtered on site into plastic bottles, using a plastic syringe and 0.45-μm filters. The bottle for cation analysis was acidified to pH 2 with ultrapure nitric acid. In addition, glass bottles were filled with unfiltered water for alkalinity determinations and analysis of stable isotopes of hydrogen and oxygen. At Hams salt spring, water was collected from a stream directly into a liter plastic bottle.
Chemical analyses were conducted at U.S. Geological Survey (USGS) laboratories in Menlo Park, Calif., using methods described in Bergfeld and others (2013) : anions were analyzed by ion chromatography; cations, by argon plasma optical-emission spectrometry; alkalinity samples were titrated with standardized solutions of H 2 SO 4 . Analyses of δ 11 B and 87 Sr/ 86 Sr were performed by thermal-ionization mass spectrometry, using methods described in Vengosh and others (1989) and Bullen and others (1996) . Analyses of δD and δ
18
O were performed by mass spectrometry at the USGS Stable Isotope Laboratory in Reston, Va., using methods described in Révész and Coplen (2008a,b) .
Our study began with an exploration of meter-sized basins in granitic rocks in the southern Sierra Nevada, which were demonstrated not to be natural depressions but, instead, were excavated by Native Americans (Moore and others, 2008) . Next came an examination of meter-sized basins associated with Hams salt spring in the northern Sierra Nevada, which clearly had been excavated to contain saline water for evaporation and the production of salt (Moore and Diggles, 2009) . The presence of a 1350 C.E. volcanic ash in a few of the southern basins (Moore and others, 2012) indicates Remains of large water trough in South Fork American River, once used to contain saline water for medicinal purposes at Indian spring (see fig. 1 for location). Behind trough, by scientist in white shirt, are small saline ponds fed from salty-spring waters that are partly covered by blocky debris from construction activities related to widening of Highway 50, 20 m above. Cl, in milligrams per liter 0 5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45,000
Cl, in milligrams per liter 0 5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45,000
Cl, in milligrams per liter (Kharaka and others, 1988) , which uses internal formulas for calculations; SiO 2 temperatures are based on chalcedony solubility. Data on soda springs from Barnes and others (1981 that some of those basins had been excavated before the end of the warm Medieval Climate Anomaly (800-1350 C.E.), supporting the supposition that the southern basins had been excavated to contain fresh water to supply mountain camps for prolonged occupation at the end of the summer season. Our study was initiated when archaeological records became available that indicated that more of the saline springs were present north of Hams salt spring (Castro, 2015) .
Saline Springs Hams Salt Spring
A large volume of saline water issues from joints and fractures in glaciated granodiorite bedrock in the canyon of the North Fork Mokelumne River. This site, known as Hams salt spring (table 1; see also, Turner, 1892) , is within the ethnographic territory of the Miwok Tribe, and it contains hundreds of Native American-excavated, meter-sized basins used to contain spring waters for evaporation and the production of solid salt as a commodity (figs. 1, 6). The spring was studied by, and discussed (but not named) in, Diggles (2009, 2010) and Moore and others (2012) .
The Hams salt spring area contains several individual springs in an area of 8 hectares. Near the springs are 369 meter-sized basins that were excavated by Native Americans. Most of the basins are on a terrace at the base of a 20-to 30-m-high cliff ( fig. 6 ; see also, Moore and Diggles, 2009) . The average basin is 125 centimeters (cm) in diameter and 70 to 80 cm deep. Excavating basins in fresh granitic rock must have been a prodigious task that was probably facilitated by the repeated use of fire to disaggregate the surficial layers of rock (Moore and Diggles, 2009 ).
The total flow of water from the springs at Hams salt spring, about 800 liters (L) per day (Moore and Diggles, 2009) , is much greater than that of any of the other salt springs described herein. The water, which was collected in the main saline stream midway along its course, has a temperature of 7.2 °C and a specific-conductance value of 33.4 microsiemens per centimeter (µS/cm). The spring waters have a total dissolved solids (TDS) concentration of 30 grams per liter (g/L) (table 1), and they are capable of delivering about 2.9 metric tons (t) of salt during the four warm, dry months (June through September). Given the total volume of water in ponds in the 369 basins-each pond is estimated to have an average diameter of 60 cm at a typical water level and an average total evaporation amount of 80 cm (estimates are based on nearby U.S. Weather Bureau evaporation-pan data)-then about 2.5 t of dry salt could have been produced during the summer months (Moore and Diggles, 2009) .
The similarity of estimates of the available supply of salt and its production capacity provides evidence that this resource was important enough to cause the Native American populations to construct enough basins to effectively utilize all the available salt (Moore and Diggles, 2009 ). On the basis of the ratio of basins to salt production, as was calculated for Hams salt spring above, the much smaller White Hall and Unabi Marmota springs (discussed below), which have 19 and 6 basins, respectively, would be capable of producing 130 and 40 kilograms (kg) of salt annually (respectively), amounts that are sufficient for moderate-sized tribes. However, such a salt supply would be too large for nearby settlements to use for dietary purposes alone. For example, at 3 grams (g) per day per person, 100 people would consume only 0.1 t of salt in a year. However, considering its possible additional uses-for preserving food, as a game attractant for hunting, and as a trade commodity-the surplus was apparently a valuable resource that was important for the welfare of the tribe.
Fo Owa Spring
Fo Owa spring is located along Caples Creek, between Caples Lake and the confluence of Caples Creek with the Silver Fork American River (fig. 7) . The site consists of two springs, 130 m apart, that are referred to as "Fo Owa West" spring and "Fo Owa East" spring herein (these names are from the records of the archaeologist of the Placerville District office of Eldorado National Forest).
The "Fo Owa West" spring is at the base of a graniticrock slope near the south side of an intermittent streambed near Caples Creek ( fig. 7) where muddy ponds of saline water are present ( fig. 8) . No specific vent for the water was noted, and so the sample was collected from the largest pond. fig. 1 for location). Basins were excavated by Native Americans in glaciated granodiorite adjacent to springs to evaporate saline water to produce salt (Moore and Diggles, 2009) . Aerial photograph by Michael Anderson, 2010.
At the top of a granitic hillock 45 m south of, and 5 m above, "Fo Owa West" spring is a circular basin excavated in bedrock, 145 to 155 cm in diameter and at least 70 cm deep ( fig. 9 ). When observed in fall 2015, the basin contained some large rocks and several tens of centimeters of fresh water. Although this basin is the only artificially excavated basin observed in the Fo Owa spring area, bedrock mortars are common at several sites within an about 100-m-long zone southwest of the basin. It is most likely that this basin was filled with saline water that was carried 45 m from "Fo Owa West" spring for the purpose of producing salt by evaporation. This single basin at "Fo Owa West" spring may have served as a trial effort for salt production.
The "Fo Owa East" spring, which is about 130 m eastnortheast of, and upstream from, "Fo Owa West" spring, is a small circular orifice, 20 cm in diameter. The water collected at this spring actively issues from the vent and is charged with gas bubbles. The spring is located at the summit of a calcareous travertine mound (fig. 10) ; the travertine clearly has been deposited by waters overflowing from this bubbling spring. No meter-sized collection basins are associated with this spring, probably because the salinity of its water is the lowest of any of the saline springs discussed herein. The water has a temperature of 18.2 °C, making it a warm spring, and a specificconductance value of 7.4 µS/cm.
Unabi Marmota Spring
Unabi Marmota spring is located about 1 km downstream (to west) from "Fo Owa West" spring. According to the records of the archaeologist of the Placerville District office of Eldorado National Forest, its name is derived from the Washoe word for salt ("unabi") and the scientific name for marmot (Marmota spp.). The spring water issues from a fracture in a north-facing slope of granodiorite that is mantled by glacial erratics and downed timber. The saline streams flow northward as far as 20 m to the base of the slope (fig. 11) ; the water sample was collected from the southern limit of the spring, where the water issues from a fracture. The water is warm, having a temperature of 18.6 °C, and it has a specific-conductance value of 24.0 to 31.1 µS/cm. fig. 1 for location). One salt basin (red circle) carved in granodiorite is 50 m south of "Fo Owa West" saline spring. Bubbling "Fo Owa East" spring, which has low salinity, has constructed natural travertine terrace (red shading). Stipple pattern shows soil and alluvial cover. Along the course of this stream are six basins, which are 72 to 123 cm in diameter and 7 to 63 cm deep ( fig. 12 shows one of the larger basins), that have been artificially excavated in granitic rock, apparently to contain spring water for evaporation and production of salt. The site was a Native American campground, as indicated by the localized scatter of flaked stone.
White Hall Springs
Saline springs are located on both the north and south sides of the South Fork American River ( fig. 13 ), a short distance upstream from the town of White Hall, after which the springs have been informally named. The saline waters attracts deer, which are commonly struck by vehicles along the nearby highway (Bob Graham, written commun., 2015) . Saline water issues from fine-grained, heterogeneous granitic rocks, predominantly quartz diorite that contains about 20 to 25 percent mafic minerals (biotite and hornblende). The water ranges in temperature from 17 to 21 °C and, in specific conductivity, from 48 to 159 µS/cm. This variation in specific conductance probably results from surface or subsurface dilution by nearby river water, as well as from evaporation.
The saline water on the north side of the river issues from subhorizontal exfoliation fractures (fig. 14) 3 to 5 m from the river's edge and 1 to 2 m above it; the fractures extend for 40 m along the river ( fig. 13) . Below the springs, toward the river, the bedrock is smooth and burnished, indicating that high water has inundated this area frequently and that the granitic-rock surface has been abraded by the bedload of sand and stones carried by the river. About 50 m upstream from the springs is a group of small Native American-carved mortars of the type used for grinding acorns. The saline spring water flows down to the river past 19 meter-sized, artificially excavated basins ( fig. 13 ). The streams apparently were diverted to fill the basins, within which salt was produced by evaporation. Most basins contain cobbles and boulders that include exotic rocks transported some distance down the river during floods.
Six of these excavated basins at the river's edge were filled with river water Figure 10 . Travertine mound at "Fo Owa East" spring (see fig. 1 for location), deposited on top of granitic rock (at right). Water sample from "Fo Owa East" spring was collected from bubbling vent at top of mound. Meter rod is divided into 20-cm-long segments. fig. 1 for location) , showing paths of salt streams (dashed red lines) that flow north past six associated Native American-excavated basins (yellow circles) carved in granitic rock. Water sample from Unabi Marmota spring was collected from orifice of saline stream south of basin "E." Elongate objects are downed timber. (fig. 15) ; in this condition, the basins are not usable for containing spring water and evaporating it to produce salt. In general, the basins at White Hall springs are shallower than those at other salt-producing areas ( fig. 16 ), probably the result of having their upper rims lowered by river erosion. In the past, before construction of the dam at Caples Lake, the summer river level was lower; now, the dam assures ample river flow, even during dry periods. Moreover, aggradation of the river bottom in recent years may have raised the water level, thereby flooding the lowlying basins.
Saline water also issues from granitic rocks along 10 m of the river bank on the south side of the South Fork American River ( fig. 13 ), about 40 m downstream from the spring site on the north side (figs. 14, 15). The spring water appears to issue from subvertical fissures in granitic rocks, but the springs are obscured by a covering of earth and vegetation. Water samples were taken from the most northern of three basins that are fed fig. 1 for location) , showing saline streams (red lines). Also shown are Native American-excavated basins (yellow circles), 19 of which are on north side of river and 5 of which on south side of river. Letters designate water-sampling sites. by the easternmost fissure. The water has a temperature of 16 to 17 °C and a specific conductance of 66 to 87 µS/cm. The presence of saline springs on both the north and south sides of the river strongly suggests that even larger springs are present beneath the river. As described earlier, the capacity of one of the basins on the south side of the river was increased by the addition of a mortar collar ( fig. 3) , possibly to enhance the production of salt for use by those traveling on this road over the mountain; however, the similarity of the mortar work to that of the medicinal bathing "tub" at Indian spring also suggests that the basin may have been enlarged to produce a medicinal spa. Above, and a few meters upriver from, the mortar-modified basin are three unmodified basins that are fed from small saline springs but are partly filled with sediment, rubble, and leaves. The unadorned nature of these basins indicates that they may have been originally used by Native Americans for saltmaking.
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The general locations and aspects of the northern basins suggested to some observers that they are natural potholes in bedrock produced by erosion by cobbles and boulders rotating in strong river currents. Their saltmaking purpose, however, is demonstrated by their presence on both sides of the river and also only adjacent to the saline springs. Moreover, their uniformity in shape, size, and general diameter matches that of other basins used for the production of salt ( fig. 16 ).
Indian Spring
Indian spring, located about 3 km west of Kyburz ( fig. 1 ) on the north side of the South Fork American River, between Highway 50 and the river, is identified on the 2015 edition of U.S. Forest Service's map of Eldorado National Forest (scale, 1:126,720). The water issues from a pile of blocky highway-construction debris, which drapes the 20-m-high slope that extends from the highway down to the river. Saline water flows from beneath the rocky rubble about 0.5 m above the river and a few meters from the river's edge (fig. 4) , and it pools in small ponds between the base of the rockpile and the river. The temperature of the water sample, which was collected from the largest and most saline of these ponds, was 15.1 °C, and the specific conductance was 31.1 µS/cm.
The ponds are directly upslope from the remains of a large (3.6 m long × 1 m high × 1.8 m wide; fig. 4 ) masonry trough or "tub" in the river, now dismembered. The trough, which has been moved downstream by the river's floodwaters, was originally used by bathers seeking the reported medical benefits of the saline spring waters, as offered by the resort hotel that previously stood on Highway 50, 20 m above the spring. The hotel burned down in 1939. A bottling plant associated with the hotel packaged the spring waters for medicinal purposes (appendixes 1, 2).
Spring-Water Compositions
The waters that issue from the five salty springs described herein are the most saline yet identified in the Sierra Nevada (table 1; fig. 5 ), containing 5,980 to 39,200 mg/L of Cl and, therefore, bracketing the Cl content of seawater (19,000 mg/L). All of the analyzed mineral spring waters in the Sierra Nevada (in three studies: Mariner and others, 1977; Barnes and others, 1981; Mack and Schmidt, 1981) are less saline than the five salty springs reported herein. Wentworth Springs, located west of Lake Tahoe ( fig. 1) , is the saltiest of the others previously analyzed in the Sierra Nevada, containing 2,550 mg/L of Cl (Barnes and others, 1981) .
The high salinity of these spring waters and the presence of the springs in topographically low areas indicate a deep circulation of water (Mack and Schmidt, 1981) . Despite the fact that the springs are found near the bottoms of major stream channels, the minimal mixing of the spring water with surface waters and shallow groundwater indicates that constrained passages or fractures are transporting the saline water from depth to the surface. The low tritium contents of water analyzed from two springs (Hams salt spring, 0.5 TU 4 ; one of White Hall springs, 1.35 TU) indicates minimal mixing of the spring water with surface waters or groundwater recharged since about 1954.
On the basis of spring-water compositions, the salt springs can be divided into two groups that correspond to their geographical distributions: the western group consists of Indian spring and White Hall springs, which contain, on average, the saltiest waters; the eastern group consists of Hams salt spring, Unabi Marmota spring, "Fo Owa West" spring, and "Fo Owa East" spring.
When compared to the values for rainwater along the crest of the central Sierra Nevada (Ingraham and Taylor, 1991) and to the values for three soda springs in the region, including Wentworth Springs, as reported by Barnes and others (1981) , the isotopic compositions of the five saltiest springs indicate that they plot along a mixing line between meteoric water (δD = -80 parts per thousand; δ 18 O = -11 parts per thousand) and another water that is heavily enriched in both isotopes ( fig. 5A ). However, a plot of isotopic compositions (δ 18 O) versus Cl contents ( fig. 5B) shows that no simple mixing relation between fresh water and saltwater can account for all of the data. Surface evaporation may well have caused a shift in some of the waters to higher Cl contents and heavier isotopic values, but no reasonable adjustments to the values would produce a mixing line through all the salt spring samples plotted in figure 5B .
A plot of Br versus Cl contents ( fig. 5C ) shows that the salt springs, and possibly the soda springs as well, share a common Br:Cl ratio that differs considerably from that of seawater. The eastern-group salt springs, however, plot near the seawater-dilution line for Na versus Cl ( fig. 5D ), whereas the western-group salt springs plot on a separate line that has a lower slope. All the springs, but especially the western-group springs, are enriched in Ca with respect to the seawater-dilution line (fig. 5E ); the abundance of Ca nearly equals that of Na (by weight) in the western-group springs.
One of the greatest differences between the eastern-and western-group springs is shown in the plot of B versus Cl contents ( fig. 5F ), which shows that the eastern-group springs are strongly enriched in B, a trend also shown by the soda springs. The western-group springs plot near, but slightly below, the seawater-dilution line for B versus Cl contents. All the salt springs are substantially enriched in As, Li, and Sr and substantially depleted in Mg and SO 4 , relative to seawaterdilution lines.
Origin of Saline Waters
Many processes could be suggested to account for the unique compositions of these deep saline waters, including (1) from flooding of the Sierra Nevada by an arm of the sea in Tertiary time, (2) from saline lake water in confined basins, (3) from water that issued from shallow magmatic or volcanic centers, (4) from addition of salts from seawater trapped in subducted marine strata, (5) from the leaking of fluid inclusions contained in granitic-rock minerals, or (6) from mineralhydration reactions in the granitic rocks. However, the reason why these unique waters are restricted to such a small area in the northern Sierra Nevada ( fig. 1) is not known. These processes are discussed individually, and in greater detail, below.
Flooding of the Sierra Nevada by an arm of the sea in Tertiary time-During Late Cretaceous and Tertiary time, the Great Valley and western Sierra Nevada foothills region were flooded by the sea. During this time, seawater and connate saline water in marine strata could have saturated the underlying granitic rocks, later emerging as saline springs. However, no erosional remnants of marine strata overlying the granitic rocks have been identified in any area except the foothills of the Sierra Nevada. The eastern limit of the Late Cretaceous and Tertiary shoreline (Hackel, 1966) is considerably west of the area where the five saltiest springs are found.
Saline lake water in confined basins-A mechanism by which saline lake waters of the western United States could enter the groundwater in the Sierra Nevada and later emerge as saline springs is difficult to imagine. The major-element concentrations of the waters of three major saline lakes (Great Salt Lake, Walker Lake, and Mono Lake) differ significantly from those of the salt springs. Most notable is the high SO 4 and the low Ca concentrations in the saline lake waters, in comparison with the Sierra Nevada salty springs (Domagalski and others, 1990) .
Water that issued from shallow magmatic or volcanic centers-The elemental compositions of the spring waters also argue against a volcanic or hot-spring origin. The Sierra Nevada saline spring waters are all enriched in Na-Ca-K, whereas the hot springs associated with volcanic systems are enriched in Na-K and low in Ca (Goff and Janik, 2000) . Likewise, the saline spring waters contain 8 to 71 mg/L of SiO 2 , values that are much less than the typical range of values for volcanic or hot-spring waters. Subsurface temperatures, as calculated by the geochemical-modeling program SOLMINEQ.88 (Kharaka and others, 1988) , show a poor agreement among several common geothermometers but, for nearly all waters, indicate that subsurface temperatures exceed discharge temperatures (table 1) . Moderately low temperatures that are based on chalcedony solubility could reflect a loss of SiO 2 during the fluid's slow rise from depth. Major cations, which are less susceptible to such modification, mostly yield temperatures that range from 70 to 100 °C (considering Mg as a major cation at Unabi Marmota, "Fo Owa West," and "Fo Owa East" springs). SOLMINEQ.88 calculations show that some springs in the western group would saturate with anhydrite in this temperature range, adding support for the validity of the major-cation geothermometry. The Mg-Li and Na-K-Ca (without Mg) geothermometers indicate that some temperatures would exceed 200 °C; however, these saline waters may circulate to depths of several kilometers, where ambient crustal temperatures may reach or exceed 100 °C without invoking a volcanic heat source.
Leaking of fluid inclusions contained in granitic-rock minerals-Fluid inclusions in the granitic-rock minerals could be a source of salt; the Br:Cl ratios in the spring waters are within the range found in granitic rocks. However, the δ 18 O values expected for the water in such inclusions would be much heavier than those in any of the samples. Moreover, if the saltwater was being released from fluid inclusions in the granitic rocks, springs that are similar to the five saltiest springs (which are restricted to a small area in the northern Sierra Nevada, as is shown in fig. 1 ) should be more widespread in the Sierra Nevada, where most mineral springs are hosted in granitic rock. Thus, at least one other source for most of the spring waters must exist.
Mineral-hydration reactions in the granitic rocks-
Mineral-hydration reactions are commonly invoked to account for brine formation in crystalline rocks (Frape and others, 2003) . As this process occurs however, the heavier isotopes migrate into the mineral phases, and the resulting brines end up plotting to the left of the meteoric-water line, unlike the salt springs in this study.
Addition of salts from seawater trapped in subducted marine strata-The salt springs share many attributes with oil-field brines (namely, enriched Ca and Li concentrations and depleted Mg and SO 4 concentrations, relative to seawater dilution), and these brines originally were believed to be connate (fossil seawater) by White (1957) . However, it is difficult to reconcile the δD-δ 5A,B) , and the Br:Cl ratio that is about twice that of seawater ( fig. 5C ). Research since the 1970s has shown that oil-field brines rarely are connate and commonly are complex mixtures of salts and fluids from multiple sources (Kharaka and Hanor, 2003) . Kharaka and Hanor (2003) showed a plot (their fig. 12 ) of the waters of the North Slope of Alaska that strongly resembles the plot in our figure 5A , and they invoke paleometeoric water as the primary fluid source. Large deviations in the Br:Cl ratios from those of seawater are commonly attributed to the evaporation of seawater until halite saturation, along with subsequent flushing of the halite by fresh waters, creating a brine that has a high Br:Cl ratio (Kharaka and Hanor, 2003) . This scenario would allow the salinity to vary independently of the isotopic composition, as seems to fit most of the samples plotted in figure  5B . If this scenario is correct, then the fresh water responsible for flushing out the salts apparently had a δD value that ranged from -70 to -80 parts per thousand and a δ 18 O value that ranged from -8 to -11 parts per thousand.
The waters in the Sierra Nevada salty springs are likely to be paleometeoric for several reasons. Beyond the fact that the spring waters predate the tritium signal of the 1950s, they are isotopically heavier than present-day rainfall near the Sierra Nevada crest and also the soda-spring waters that discharge in the area, possibly implying that the spring waters recharged during different climatic conditions in the past. On the other hand, the deep canyons that host these springs could allow storms from the Pacific Ocean to bring rainfall that is less fractionated than what falls on the surrounding mountaintops. Reconnaissance sampling of fresh rainfall near these salty springs would be needed to address this issue. The strongest evidence for paleometeoric waters may be the extent of waterrock interactions needed to account for the complex chemistry (table 1; figs. 5D-F) and the shift in isotopic compositions of many samples away from the Global Meteoric Water Line ( fig. 5A ), although surface evaporation may account for some of this shift.
A study of salt springs in the central California Coast Ranges reported that the springs almost exclusively are found in regions that have few earthquakes (Melchiorre and others, 1999) . These aseismic areas have particularly high pore-fluid pressures because they represent structural blocks that are undergoing compression, as they are bounded by major faults and seismicity belts. The volumetric stress apparently provides the pressures that drive saline-formation fluids to the surface at the springs. A similar process may be operating in that part of the Sierra Nevada block, which notably is low in seismicity, as is this area of saline springs.
The paleometeoric waters of all the saline springs appear to dissolve the same salt, on the basis of their common Br:Cl ratios ( fig. 5C ). After acquiring the salt, however, the flow paths diverge for the eastern-and western-group springs. The low 87 Sr/ 86 Sr ratios in the western-group springs, all less than 0.7063 (table 1), suggest that these waters react with plagioclase in the Sierra Nevada granitic rocks (Barnes and others, 1981) . These granitic rocks are not a potent source of B, and the western-group springs have low B concentrations, as well as δ 11 B values that are near the heavy end of the natural range in terrestrial materials (Xiao and others, 2013) . These δ 11 B values are consistent with extensive water-rock interactions and the formation of clay minerals, which strongly partition 10 B from solution, even at temperatures of 100 to 200 °C (Williams and others, 2001 ). The 87 Sr/ 86 Sr ratios in the eastern-group springs are similar to those in the Glen Alpine and Rubicon soda springs ( fig. 1) , as reported by Barnes and others (1981) , who suggested that the ratios reflect interaction with marine limestones of Paleozoic or Mesozoic age. These marine rocks likely contain organic-rich sections from which abundant B can be leached. The δ 11 B values in the easterngroup springs match those in thermal waters in Long Valley, Calif., as reported by Sorey and others (1991) , who tentatively attributed the values to leaching of the metasedimentary rocks buried beneath the Bishop Tuff. The high Mg concentrations in the waters of three of the eastern-group springs suggest that they could be derived from marine carbonate rocks, as well as possibly from interaction with mafic rocks (see Mariner and others, 1977; Barnes and others, 1981) . The low SO 4 and high HCO 3 contents in these same three springs indicate sulfate reduction by organic carbon.
Although the subsurface temperatures of the saline spring waters are not well constrained by geothemometry (table 1), they are likely to be moderate. Therefore, the water-rock interactions discussed above would proceed slowly, and considerable time would be needed to produce the observed chemistries.
In summary, the salt could be of marine origin, compositionally modified in terms of its Br:Cl ratio in ancient evaporative environments, or it could be derived from fluid inclusions in the granitic rocks, possibly with input from marine strata intruded by granitic magmas. The waters are likely to be old (as is testable by additional isotopic sampling) but are neither connate waters nor fluid-inclusion waters. A prolonged residence time, as well as water-rock interactions along two distinct flow paths, ultimately leads to the fascinating chemistries observed in these waters.
Conclusions
The five saltiest springs yet found in the Sierra Nevada are in the northern part of the range, in the drainages of the South Fork American River and the North Fork Mokelumne River. These springs issue from Cretaceous granitic rocks in the bottoms of major canyons, at 1,200-to 2,200-m elevations. They are not hot, and they flow year-round. All the salty springs were well known to Native Americans, and at least four of the five springs were actively exploited by Native Americans for salt production by excavating meter-sized evaporation pans in fresh (nonweathered) granitic rocks. A key to the discovery of more of these saline springs is the presence of nearby excavated meter-sized basins.
The spring waters are dominated by Cl, Na, and Ca and, relative to seawater, are enriched in Ca, Li, Sr, and As and depleted in SO 4 , Mg, and K. Tritium analyses indicate that the spring waters have had little interaction with modern rainfall. In addition, oxygen and hydrogen isotopic values indicate that the waters are of meteoric origin, rather than having connate or fluid-inclusion sources. Those water compositions that plot on the heavy side of the meteoric-water line are attributed to water-rock interactions and evaporation. The salt, however, could be of marine origin, having had its Br:Cl ratio altered by ancient evaporative processes, or it could have come from marine strata intruded by granitic magmas, possibly with input from fluid inclusions in the granitic rocks. It is likely that a prolonged residence time and also water-rock interactions ultimately led to the unusual compositional ranges of these waters.
USFS, Eldorado
Roth, Mrs. Inez 
EQUITY:
Mrs. Roth considered that in spite of the fact that her hotel and sanitarium had been totally destroyed by fire on October 7, 1938, she still had a large equity in these springs. The biggest equity of all was the one hundred thousand dollars, which she had invested in advertising the water, training salesmen, and research work. She said:
"We had nine chemists working on these springs for over two years in research on what they did to people." She also added, "It takes a lot of training and education to get a man to sell this water."
She considered a place in front of her hotel, which she had leveled off for 320 feet in length by 27 feet in width, to represent an equity of several thousand dollars. She also stated that she had dug out a 50,000-gallon reservoir under one of the springs and also had laid down 2200 feet of pipe. In addition she had built a very narrow and rough nine-foot road down to one of the springs.
Because of these investments of capital, Mrs. Roth felt that she should be entitled at least to build a bottling works and sell the water all over this country and Canada.
PROPERTIES OF THE WATER
Mrs. Roth told us in considerable detail about the marvelous curative properties of this water. Drinking the water from an individual spring was of little value, but she had discovered just the right formula for mixing the water so that the chemical First, as to how she happened to discover it. Her brother had a very badly ulcerated stomach and went to see a doctor in Placerville, who told him he would have to cut out the present exit of the stomach and connect the large intestines to another part of the stomach. However, the doctor was so busy that he did not have time to perform the operation that spring, so he told the brother to come back in the autumn. Meanwhile the brother kept getting worse. One day, feeling completely wretched, he went up to the woods of Eldorado Forest with his wife and his sister Inez. I will let Mrs. Roth finish the story in her own language.
"He come up there and sat by that rock and throwing up every second, and his wife crying, and a doctor from New York come along, and says, 'Son, you can't live till morning,' and then old man Seavy, who found these springs, come along, and told him about the spring, and how it would cure worse vomiting than he had, and Seavy and the Doctor helped him down the hill, and he sat down right there by the spring, and took one drink and vomited it all up, but the pain begun to go, and he took another drink and vomited it and didn't feel sick any more, and six weeks afterward he could eat anything."
Here are a few more things the water did. A little seven-year-old imbecile girl with a two-year-old intelligence was brought to Mrs. Roth by her mother. In one month of treatment with this water she attained normal intelligence. She had a leg withered from paralysis, but after taking this water, according to Mrs. Roth, "Her little limb which was just this long (six inches) began to grow in nothing flat. I give her water by the cart-load to take away with her when she left. This water the way I mix it is just the content of the human blood, and you just simply can't be sick and drink Digger Indian Water."
Another very prominent man from Los Angeles came up with his boy. "His son wasn't what you would call a smart kid, but I calls him a darn smart kid today." The reason, of course, was Digger Indian Water.
Ranger Morris, you know him, had a child that was so crippled he couldn't walk with impetigo, and he was a bunch of sores, and we took him right down to the bath house, and he was 13 years old and didn't like for me to see him without any clothes and all that, but I bathed him, and in two days he rode a horse up here. "This syphilis, you know, in two months I could get the skin all cleaned up, but it took two years to clean the blood. Now that's something to stop all this itching and ugly looks, isn't it? "Diabetes! Just put that down. Diabetes! Wouldn't you rather take a drink of this water than three shots in the arm every day?" She turned to Earl and continued:
"If you had diabetes you would get ornery and go off by yourself. People with diabetes, they all get awful ornery. It's just the opposite with anemia. They're lovely as angels. But ornery as you were, you would drink this water and right away you would be going to the dances and out with the girls." Earl said, "I don't know how my wife would like that." Mrs. Roth replied, "Your wife would like it fine if you drank this
